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I show a situation of multiparticle entanglement which 
cannot be explained in the framework of an interpretation 
of quantum mechanics recently proposed elsewhere. This in- 
terpretation is based on the assumption that correlations be- 
tween subsystems of an individual isolated composed quan- 
tum system are real objective local properties of that system. 

PACS number(s): 03.65. Bz 



Entanglement is not 11 one but rather the characteris- 
tic trait of quantum mechanics, the one that enforces its 
entire departure from classical lines of thought" Q| . En- 
tanglement between two systems is central in the argu- 
ment of incompleteness of quantum mechanics proposed 
by Einstein, Podolsky, and Rosen (EPR) @ and it is also 
essential in Bell's proof that EPR's program to "com- 
plete" quantum mechanics leads to predictions in con- 
tradiction with those of quantum mechanics More 
recently, the study of entanglement in systems of three 
or more particles has opened new chapters on both the 
fundamental and applied sides of quantum mechanics. 
Multiparticle entanglement has provided the first proof 
of Bell's theorem without inequalities and it is ubiqui- 
tous in almost all recent developments on quantum com- 
munication and quantum computation. 

This paper's intent is to show some difficulties which 
arise when one tries to explain some situations of multi- 
particle entanglement in the framework of a recent inter- 
pretation of quantum mechanics proposed by Mermin in 
a series of papers [^| 0] . This interpretation is based on 
three assumptions: 

(a) Density matrices describe isolated individual sys- 
tems — not just ensembles. Density matrices fully 
describe all the internal correlations of an isolated 
individual system 10. 

(b) All correlations between subsystems of an isolated 
composed system are real objective internal prop- 
erties of such subsystems || . 

(c) Real objective internal properties of an isolated sys- 
tem "cannot change in immediate response to what 
is done to a far-away system that may be correlated 
but does not interact with the first" flC|]. 



I will show a physical situation in which these three 
assumptions cannot be reconciled in a consistent way. 
To make this conflict clear I will assume (a) and (b) , and 
then show that assumption (c) cannot be correct. 

Consider the following situation. We have two sources, 
each of which emits a single pair of spin-^ particles in 
the singlet state. The two particles emitted by the first 
source will be labeled 1 and 2, and the two particles emit- 
ted by the second source will be labeled 3 and 4. The 
initial state of the four particles is then 
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Let me now consider two alternative experiments: 

Experiment 1: On particles 2 and 3, we perform a 
measurement of component z of the spin of each particle. 
This measurement projects jll|] the combined state of a 
single pair of particles 2 and 3 onto one of the following 
four factorizable pure states: 
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This measurement on particles 2 and 3 also projects the 
combined state of the corresponding single pair of parti- 
cles 1 and 4 onto, respectively, one of the following fac- 
torizable pure states: 



(3) 

There is a one-to-one correspondence between the four 
states (|^) and the four states (^): if the measurement 
on particles 2 and 3 projects their state onto |+) 2 ® |+)3, 
then the state of particles 1 and 4 is projected onto |— ), <8> 
|-) 4 , etc. 

Experiment 2: Instead of a spin measurement on each 
particle 2 and 3, we perform a measurement of the Bell 
operator on particles 2 and 3. This measurement 
projects the combined state of a single pair of particles 2 
and 3 onto one of the four Bell states [1131 
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*Phys. Rev. A 59, 113-115 (1999). 
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which form a complete basis for the combined system of 
particles 2 and 3. This measurement on particles 2 and 
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3 also projects the combined state of the corresponding 
single pair of particles 1 and 4 onto, respectively, one of 
the Bell states: 

Indeed, the measurement projects the state of particles 
2 and 3 and the state of particles 1 and 4 onto the same 
Bell state: if the state of particles 2 and 3 is projected 
onto | v t ,+ ) 2 3, then the state of particles 1 and 4 is pro- 
jected onto |\1/ + ) 14 , etc. Experiments of this second kind 
have been previously considered in the context of "en- 
tanglement swapping" Jl3| |l6[] . 

Before any of the alternative experiments, particles 1, 
2, 3, and 4 were completely isolated from the rest of the 
universe; i.e., they form a system that has no external 
interactions or correlations [|l7| . Since, before any exper- 
iment, the state of particles 1 and 2 is factorizable from 
the state of particles 3 and 4, particles 1 and 2 (3 and 
4) form a completely isolated subsystem of the system 
of particles 1, 2, 3, and 4. Before any of the alternative 
experiments there is no (nontrivial) correlations between 
any of the particles 1 and 2 and any of the particles 3 
and 4. 

On the other hand, before any of the experiments, par- 
ticles 2 and 3 form a dynamically isolated subsystem; i.e., 
they have no external interactions J17| . After any of the 
experiments, particles 2 and 3 do not form a dynami- 
cally isolated system since they have interacted with the 
measuring apparatus. If particles 1 and 4 are spacelike 
separated from the experiment performed on particles 2 
and 3, then particles 1 and 4 cannot interact with the 
measuring apparatus. Therefore, particles 1 and 4 form 
a dynamically isolated system before and after any of the 
experiments. 

Mermin's interpretation assumes physical locality, de- 
fined as "[t]he fact that the internal correlations of a 
dynamically isolated system do not depend on any in- 
teractions experienced by other systems external to it" 
pTf . However, while any of the four possible states of 
particles 1 and 4 after an experiment of the first type 
given in Eq. (^) are factorizable, any of the four possible 
states after an experiment of the second type given in 
Eq. (^) are maximally entangled. This means that while 
after an experiment of the first kind (regardless of the 
result), particles 1 and 4 have their spins correlated only 
in the z direction, after an experiment of the second kind 
(irrespective of the result), particles 1 and 4 are highly 
correlated: every component of spin of particle 1 is cor- 
related with other component of spin of particle 4, and 
vice versa. Therefore, the internal correlations between 
particles 1 and 4 are completely different depending on 
the interaction between particles 2 and 3 and an external 
system. Accepting assumptions (a) and (b) means, in 
this example, the violation of physical locality as defined 
by Mermin. By this violation of physical locality I do 
not mean that the internal correlations between particles 
1 and 4 "change" after a spacelike separated experiment 



(this does not happen in the sense that no new inter- 
nal correlations are "created" that were not "present" in 
the reduced density matrix for the system 1 and 4 before 
any interaction), but that the type of internal correla- 
tions (and therefore, according to Mermin, the reality) of 
an individual isolated system can be chosen at distance. 

The roles of assumptions (b) and (c) in my argument 
of "nonlocality" are clear: (b) is a definition of what is 
"real" and (c) is the corresponding condition of locality. 
Allow me to emphasize the role of assumption (a) for this 
argument. Assumption (a) says that a density matrix 
describes an individual system — not just an ensemble. 
This is crucial since there is a large difference between 
the mixed density matrix which describes an ensemble of 
pairs of particles 1 and 4, and the pure states (factor- 
izable or maximally entangled) which describe a single 
pair of particles 1 and 4. The mixed density matrix does 
not change after any set of measurements on particles 2 
and 3 (otherwise this would mean an instantaneous trans- 
mission of information), but the pure states that describe 
individual pairs of particles 1 and 4 are different, depend- 
ing on which experiment is performed on particles 2 and 
3. 

In its present form the interpretation proposed by Mer- 
min is inconsistent. However, some parts of his proposal 
could be preserved in a further developed interpretation. 
No doubt exists on the fact that quantum correlations are 
fundamental, but fundamental does not necessarily mean 
real, or at least it does not mean real if this also means 
local. A consistent interpretation could be developed by 
keeping correlations as fundamental but avoiding to say 
that they are local properties. 

In fact, the previous example does not cause any con- 
ceptual problem if one accepts the Copenhagen interpre- 
tation of quantum mechanics, according to which infor- 
mation about a quantum system is a more basic feature 
than any "real" properties these systems might have jl8) , 
even if these "real" properties are limited to internal 
correlations between subsystems. Quantum mechanics 
is not a theory about reality p9| , it is only a tool for 
predicting probabilities for the various possible outcomes 
of an experiment on a physical system, once we specify 
the procedure for the preparation of that system. The 
wave function (or the density matrix) only represents, in 
Bohr's words, "a purely symbolic procedure, the unam- 
biguous physical interpretation of which in the last resort 
requires a reference to a complete experimental arrange- 
ment" @. 

Mermin's proposal can be seen as an attempt to "com- 
plete" the Copenhagen interpretation. In Mermin's in- 
terpretation, internal correlations between two parts of a 
more than two-part system play a similar role to the one 
that correlated observables of a two-part system played 
for EPR's attempt to "complete" quantum mechanics [|| . 
The obstacle is again the same: if one insists that these 
elements of reality must be local, one can find physical sit- 
uations in which all assumptions cannot be consistently 
reconciled. 
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